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DETAILED ACTION 



Response to Amendment 

1 . This Office Action Is in response to applicant's communication filed July 19, 2006 
in response to the PTO Office Action mailed May 5, 2006. The applicant's remarks and 
amendments to the claims and/or the specification were considered with the results that 
follow. 



2. In response to the last Office Action, claims 1 , 5, 10-1 1 , 1 7 and 22 have been 
amended, No claims have been added or cancelled. Claims 1-26 remain pending in this 
application. 

3. The objection to claims 5 and 1 1 have been withdrawn due to the amendment 
filed July 19, 2006. 

Response to Arguments 

4. Applicant's arguments with respect to claims 1-26 have been considered but are 
moot in view of the new ground(s) of rejection. 



Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner In which the invention was made. 

6. Claim 1 is rejected under 35 U.S.C, 103(a) as being unpatentable over 

Hagersten et a! (US Patent No. 5.778,427) and Trull (US Patent No. 5,497,477). 

For claim 1 , Hagersten discloses a method for storing replacement data in a 
multi-way associative cache comprising at least one cache set (a multi-way cache of a 
computer system... the cache is organized using cache lines, and includes a plurality of 
cache lines divided into a number of segments corresponding to the number of ways, 
col. 3, lines 27-34), and 

logically dividing the cache's cache sets into segments of at least one cache way 
(col. 3, lines 27-34). 

Hagersten fails to disclose a method for storing replacement data, searching a 
cache set in accordance with a segment search sequence for a segment currently 
comprising a way which has not yet been accessed during a current cycle of the 
segment search sequence, searching the current segment in accordance with a way 
search sequence for a way which has not yet been accessed during a current way 
search cycle, or storing the replacement data in a first way which has not yet been 
accessed during a current cycle of the way search sequence. 

Trull, however, helps disclose a cache insertion selector for accurately 
determining which entries of a cache, are being frequently used, where the cache 
insertion selector monitors the access history of a slot, wherein a slot is marked as used 
recently when it is accessed; when a new entry is to be inserted into the cache when all 
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slots contain valid entries, the cache insertion selector attempts to select a slot which is 
not marked as used recently, and if there is no such slot, the cache insertion selector 
marks all slots as not used recently, and then selects one such slot (col. 2, lines 12-20). 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to combine Hagersten and Trull to include searching for a way or ways 
that have not been accessed because the cache contains a relatively small amount of 
memory, fills up quickly, and therefore copying an entry to the cache generally requires 
replacing another entry, and to help maximize performance, entries which are not being 
frequently used should be selected for replacement (col. 1 , lines 27-32), as taught by 
Trull. 

7. Claims 2-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hagersten et al (US Patent No. 5,778,427), Trull (US Patent No. 5,497,477) and 
Rowlands et al (US Patent No. 6,748,492). 

For claim 2, the combined teachings of Hagersten and Trull as per rejection of 
claim 1 fail to disclose a next sequential segment of the segment search sequence is 
considered when a segment currently being considered to receive replacement data is 
determined to not contain a way which has not yet been accessed during the current 
segment search cycle. 

Rowlands helps disclose a replacement circuit that changes state for each 
access of a cache, irrespective of whether or not the access hits or misses (col, 14, 
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lines 34-36), wherein a next consecutive way is selected as the selected way, and steps 
are repeated for the selected index and selected way (col. 17, lines 32-35). 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to combine Hagersten, Trull and Rowlands to include searching a next 
sequential segment because this would help ensure all ways of the selected index and 
all indexes have been processed (col. 17, lines 36-38), as taught by Rowlands. 

For claim 3, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 2 further help disclose a next sequential way of the way search 
sequence is considered when a way currently being considered to receive replacement 
data is determined to have been accessed during the current way search cycle 
(Rowlands: col. 17, lines 32-25). 

For claim 4, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 2 further help disclose considering a current segment for storing 
replacement data until all ways in the current segment have been accessed during the 
current way search cycle (Rowlands: col. 17, lines 32-35); and selecting for replacement 
consideration a next sequential segment in the segment search sequence (Rowlands: 
col. 17. lines 32-35). 

For claim 5, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 2 further help disclose repeating the considering and selecting for 
each segment in the segment search sequence (Rowlands: col. 17, lines 32-35). 

For claim 6, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 2 further help disclose repeating the segment search sequence when 
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all segments of the cache set are determined to comprise ways which have been 
accessed during the current segment search cycle (Rowlands: col. 14, lines 34-36; col. 
17, lines 32-25). 

For claim 7, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 2 further help disclose searching way access indicators corresponding 
to ways of the current segment, wherein each way access indicator indicates whether a 
corresponding way has been accessed during a current way search cycle (Trull: col. 2, 
lines 12-20; Rowlands: if a least recently used policy is employed, the LRU policy for the 
index identified may be set to indicate that the way identified is least recently used, col. 
6, line 67, col. 7, lines 1-3). 

For claim 8, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 7 further help disclose setting the way access indicators 
corresponding to the current segment's ways to a value indicating the ways have not 
been accessed (col. 2, lines 12-20). 

For claim 9, the combined teachings of Hagersten, trull and Rowlands as per 
rejection of claim 7 further help disclose prior to the searching of the cache set, 
determining whether a way of the cache set contains invalidated data, and storing the 
replacement data in the way containing the invalidated data (Rowlands: transactions 
may include various coherency commands such as an invalidate command which may 
or may not involve a transfer of data, col. 4, lines 40-42; if a transaction is a miss in a 
cache, the cache may select a way for eviction to receive a line fill of the missing line; 
more particularly, the replacement circuit may be configured to select the way to be 
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evicted, wliich may be provided as the way selection, and the valid bit in the evicted 
entry may be cleared to invalidate the cache line, col. 9, lines 45-50). 

For claim 10, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 9 are incorporated herein. 

These teachings further help disclose a method for managing a multi-associative 
cache comprising at least one cache set, the method comprising: 

logically dividing each cache set of the cache into segments each comprising at 
least one cache way (Hagersten: col. 3, lines 27-34); 

storing replacement data in an invalidated way, if any, in the cache set, in 
response to a cache miss, and setting, in response to a processor accessing the 
replacement data, a way access indicator con^esponding to the accessed way to a value 
indicating the way has been accessed (Rowlands: col. 4, lines 40-42; col. 9, lines 45-50; 
Trull: col. 2, lines 12-20); and 

selecting, when no invalidated way is in the cache set, a current segment of a 
segment search sequence for an available way; and searching the current segment in 
accordance with a way search sequence, for a next way not yet accessed during a 
current cycle of the way search sequence (Rowlands: col. 4, lines 40-42; col. 9, lines 
45-50; Trull: col. 2, lines 12-20). 

For claim 1 1 , the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 10 further help disclose when a way not yet accessed during a current 
cycle of the way search sequence is located, storing replacement data in the located 
way (Rowlands: col. 4, lines 40-42; col. 9, lines 45-50; Trull: col. 2, lines 12-20). 
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For claim 12, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 1 1 further help disclose providing access to the way containing the 
replacement data (Rowlands: a direct access transaction specifies a cache storage 
entry to be accessed in response to the transaction; the cache may access the cache 
storage entry and either read the data from the cache entry or write data from the 
transaction to the storage entry, col. 2, lines 34-41). 

For claim 13, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 12 further help disclose setting a way access indicator corresponding 
to the accessed way to a value indicating the way has been accessed (Trull: col. 2, lines 
12-20). 

For claim 14, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 10 further help disclose when a way not yet accessed during a current 
cycle of the way search sequence is not located, setting way access indicators 
corresponding to all ways in the current segment to a value indicating the ways are 
available (Trull: col. 2, lines 12-20). 

For claim 15, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 14 further help disclose selecting a next segment in the segment 
search sequence as the current segment and repeating the segment search cycle 
(Rowlands: col. 17, lines 32-35). 

For claim 16, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 10 further help disclose providing, in response to a cache hit, access 
to the way containing the requested data and setting a way access indicator 
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corresponding to the accessed way to a value indicating the way was accessed (Trull: 
col. 2, lines 12-20). 

For claim 17, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 10 are incorporated herein. 

These teachings further help disclose a processing environment comprising: 

a processor (Hagersten: a multi-way cache of a computer system having a main 
memory and one or more processors, abstract); 

a multi-way associative cache comprising at least one cache set (Hagersten: col. 
3, lines 27-34); 

a cache controller configured to logically divide the cache's sets Into segments of 
at least one cache way (Hagersten: a cache manager, col. 3, line 24; col. 3, lines 27- 
34), and comprising replacement logic that, in response to a cache miss, stores the 
replacement data in a way, if available, that contains invalidated data, and if not 
available, searches a cache set in accordance with a segment search sequence for a 
segment comprising a way which has not yet been accessed during a current cycle of 
the segment search sequence, and searches each segment in accordance with a way 
search sequence for a way which has not yet been accessed during a current way 
search cycle; and stores the replacement data in a first way which has not yet been 
accessed during a current cycle of the way search sequence (Rowlands: col. 14, lines 
34-36; col. 4, lines 40-42; col. 9, lines 45-50; col. 6, line 67, col. 7, lines 1-3; Trull: col. 2, 
lines 12-20). 
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For claim 18, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 17 further help disclose replacement logic considers a next sequential 
segment of the segment search sequence when a segment currently being considered 
to receive replacement data is determined to not contain a way which has not yet been 
accessed during the current segment search cycle (Rowlands: col. 17, lines 32-25). 

For claim 19, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 17 further help disclose the replacement logic considers a next 
sequential way of the way search sequence when a way currently being considered to 
receive replacement data is determined to have been accessed during the current way 
search cycle (Rowlands: col. 17, lines 32-25). 

For claim 20, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 17 further help disclose the replacement logic considers a current 
segment for storing replacement data and selects for replacement consideration a next 
sequential segment in the segment search sequence when all ways in the current 
segment have been accessed during the current way search cycle (Rowlands: col. 17, 
lines 32-25; Trull: col. 2, lines 12-20). 

For claim 21 , the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 20 further help disclose the replacement logic searches way access 
indicators corresponding to ways of the current segment, wherein each way access 
indicator indicates whether a corresponding way has been accessed during a current 
way search cycle (Trull: col. 2, lines 12-20; Rowlands : col. 6, line 67, col. 7, lines 1-3). 
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For claim 22, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 17 are incorporated herein. 

These teachings further help disclose a processing environment comprising: 

means for logically dividing at least one cache set of a multi-way associative 
cache into segments of at least one cache way (Hagersten: abstract; col. 3, lines 27-34; 
col. 3, line 24; col. 3, lines 27-34); and 

means for storing, in response to a cache miss, replacement data in a way, if 
available, that contains invalidated data, and if not available, searches a cache set in 
accordance with a segment search sequence for a segment comprising a way which 
has not yet been accessed during a current cycle of the segment search sequence, and 
searches each segment in accordance with a way search sequence for a way which 
has not yet been accessed during a current way search cycle; and stores the 
replacement data in a first way which has not yet been accessed during a current cycle 
of the way search sequence (Rowlands: col. 14, lines 34-36; col. 4, lines 40-42; col. 9, 
lines 45-50; col. 6, line 67, col. 7, lines 1-3; Trull: col. 2, lines 12-20). 

For claim 23, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 22 further help disclose the means for storing considers a next 
sequential segment of the segment search sequence when a segment currently being 
considered to receive replacement data is determined to not contain a way which has 
not yet been accessed during the current segment search cycle (Rowlands: col. 17, 
lines 32-25). 
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For claim 24, the combined teachings of Hagersten. Trull and Rowlands as per 
rejection of claim 22 further help disclose the means for storing considers a next 
sequential way of the way search sequence when a way currently being considered to 
receive replacement data is determined to have been accessed during the current way 
search cycle (Rowlands: col. 17, lines 32-25). 

For claim 25, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 22 further help disclose the means for storing considers a current 
segment for storing replacement data and selects for replacement consideration a next 
sequential segment in the segment search sequence when all ways in the current 
segment have been accessed during the current way search cycle (Trull: col. 2, lines 
12-20; Rowlands : col. 6, line 67, col. 7, lines 1-3). 

For claim 26, the combined teachings of Hagersten, Trull and Rowlands as per 
rejection of claim 22 further help disclose the means for storing searches way access 
indicators corresponding to ways of the current segment, wherein each way access 
indicator indicates whether a corresponding way has been accessed during a current 
way search cycle (Trull: col, 2, lines 12-20; Rowlands : col. 6, line 67, col. 7, lines 1-3). 

Citation of Pertinent Prior Art 

8. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 
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Coyle et al (US Patent No. 5,367,653) discloses a reconfigurable set associative 
cache memory including partitioning for the highest number of ways in a multi-way 
associative cache. 

York (US Patent No. 6,745,291) discloses an n-way set associative data cache 
system comprises a cache controller adapted to receive a request for data and 
instructions, and page tags used for comparison with page entry addresses in 
directories. 



Contact Information 

9. Any inquiries concerning this action or earlier actions from the examiner should 
be directed to Daniel Kim, reachable at 571-272-2742, on Mon-Fri from 10:00am- 
6:30pm. If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Sanjiv Shah, is also reachable at 571-272-4098. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information from 
published applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov . All questions 
regarding access to the Private PAIR system should be directed to the Electronic 
Business Center (EBC). reachable at 866-217-9197. 
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